WHAT IS CLAIMED IS: 

± A method of forming a vertical structure on a substrate, comprising the stops of: 

selectively growing a first epitaxial layer of monocrystallino silicon on the substrat e ; 

forming a layer of an insulativc material over the first epitaxial layer; 

removing a portion of the insulativo layer to expose only a top surface of the first 

epitaxial lay e r; 

selectively growing a second epitaxial layer of monocrystallino silicon on the 
exposed surface of the first epitaxial layer; and 

forming a layer of an insulativc material over th e second epitaxial lay e r. 

2, The method of Claim 1, further comprising repeating the steps of removing a portion 

of the insulativo layer, growing an epitaxial layer, and forming the insulativo layer, until the 
vertical structure roaches a desired height; each of the epitaxial layers having insulated , 
sidowalls, and an uppermost epitaxial layer of the vortical structure having insulat e d 
sidowalls and an insulated top surfac e . 

^ The method of Claim 1, wherein the silicon substrate comprises monocrystallin e 

silicon. 

4, The method of Claim 1, wherein the silicon substrate comprises monocrystallin e 

silicon having a (100) plane orientation. 

£ The method of Claim 1, wherein at least one epitaxial layer is grown until a fac e t 

having a plane orientation of (100), (110), or (1 1 1) is formed on the top surface of the layer. 

& The method of Claim 1, wherein the epitaxial layers arc grown until a facet having a 

plane orientation of (100) is formed on the top surface of the layers. 

£ The method of Claim 1, wherein o3th epitaxial layer has a thickness of up to about 

200 nm. 
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& The method of Claim 1, wherein ono or moro epitaxial layers has a thickness of 

about 70 to about 100 nm. 



£ The method of Claim 1, wherein the stops of selectively growing the epitaxial layers 

comprise introducing a silicon comprising gas over th e substrat e . 

40: The method of Claim 9, wherein the stops of selectively growing the epitaxial layers 

comprise: 

heating the substrate to about 450°C to about 950°C; and 
y flowing at least ono silicon comprising precursor gas over the substrate at a rate of 

O about 10 to about 500 ccm, for about 15 to about 30 s e conds. 

0 

ntp: 

U, The method of Claim 10, wherein tho silicon comprioing gas is flowed over the 

|j substrate at a rate and pr e ssure to provide a growth rate of the epitaxial layer at about 20 to 

HI , . 

about 40 nm/minut e . 

a - 

ry 43, The method of Claim 1 1, wherein tho pressure is about 1 to about 20 Torr. 

CP 
P 

|* ±^ The mothod of Claim 10, wherein the silicon comprising gas is flowed over the 

substrate at a rato and pressure to provide a growth rato of tho epitaxial layer at loss than 
about 10 nm/minute. 

44- Tho mothod of Claim 13, wherein tho pressure is about 0.02 to less than about 

1 Torr. 

4^ Tho mothod of Claim 13, wherein the pressure is about 0.02 to loss than about 1 Torr 

to provide a growth rato of the epitaxial layer at about 0.3 to loss than about 10 nm/minut e . 
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4& The mothod of Claim 9, wherein tho silicon comprising gas ia selected from the 

group consisting of oilano combined with chlorine, dioilano combin e d with chlorine, disil n ne 
combined with hydrochloric acid, dichloroailanc, silicon tetrachloride, and combinations 
th e r e of. 

17. The method of Clnirr % wherein it least nnc- of the steps of selectively growing the 
epitaxial layer comprises introducing the silicon comprising gas with a conductivity 
enhancing dopant. 

4& The method of Claim 17, wherein tho conductivity enhancing dopant is a p type 

dopant. 

^ The method of Claim 18, wherein tho conductivity enhan c ing dopant is a p type 

dopant selected from tho group consisting of diborano, boron trichloride, boron trifluoride, 



Q and combinations thereof. 



20. The m e thod of ^lnim 1 7 wherein thn conductivity enhancing dopant is an n type 
dopant. 

21 . The method of Clnim ™ wherein thn conductivity enhancing dopant is an n type 
dopant selected from tho group consisting of phoaphino, arsinc, and combinations thereof. 

22. The method &f-C4aiffl 1 7 wherein fee nnnductivitv enhancing dopant is introduced a t 
a variable rate to provide a concentration gradient of tho dopant within tho epitaxial layer. 

23. The method of CV™ wherein thn conductivity enhancing dopant is introduced a t 
an increasing rate to provide a low to high concentration of the dopant within the epitaxial 

1 «-» •» 

III! . 
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34, The method of Claim 2, further comprising doping the uppermost epitaxial layor by 

ion implantation. 



34, The method of Claim 24, wherein the epitaxial layor is doped using a 

fluorine comprising gas selected from the group consisting of PF^ rPF^rAsF^ra^^ 

3& The method of Claim 17, wherein the vertical structure is a source or drain having a 

height of at least about 10 to about 30 nm. 

¥k The method of Claim 1, further comprising, prior to the stop of selectively growing 

\a the first epitaxial film, at least partially removing an oxide layer from the substrate. 

£ 2% Tho method of Claim 27, whoroin the step of removing tho oxide layor is by an oxide 

jE dry e tch. 

^0 
S| 

, 3^ Tho method of Claim 2 8 , wherein the oxide dry etch comprises exposing the 

substrate to an gas at about 800°C. to about 8 50°C. 



g 3& The method of Claim 28, whoroin the oxide dry etch comprisos exposing the 

^ substrate to a reactive plasma at about 100°C 

34, The method of Claim 27, wherein the stop of removing tho oxide layor is by applying 

an oxido cleaning solution to tho substrat e . 

33, Tho method of Claim 1, wherein tho in s ulativo layer comprisos oxido, nitride, 

oxidized nitride, or a composit e oxido/nitride. 

33- The method of Claim 1, whoroin the insulativo layer comprisos silicon nitride. 



MKE/720275.1 



Division ofUSSN 09/816,962 
Inventors: Ping et al. 
Claims as SWamended (10-01) 



l 
l 



$4, Tho mothod of Claim 33, wherein the inoulativc layer has a thickness of about 5 to 

about 20 nm. 

35. The method of Claim 1, wherein the insulativo layer comprises silicon oxide. 

3& Tho mothod of Claim 35, whoroin the insulativo layer hao a thickness of about 2 to 

about 5 nm. 

XL The mothod of Claim 1, wherein at least one of tho steps of forming the inoulative 

layer is by ann e aling. 

3& The m e thod of Claim 37, wh e r e in the annealing is by rapid th e rmal nitridation to 

form a nitride insulativo lay e r. 

3£ The method of Claim 3 8 , whoroin the annealing by rapid thermal nitridation 

comprises exposing the epitaxial layer to ammonia or nitrogen gas at a pressure of about 100 
to about 200 Torr and temperature of about 8 00°C. to about 1200°C. 

40: The method of Claim 37, whoroin the annealing is by rapid thermal oxidation to form 

an oxid e insulativo layer. 

44, The method of Claim 10, wherein the of annealing by rapid thermal oxidation 

comprises exposing tho epitaxial layer to a dry oxygen gas at a pressure of about 100 to 
about 200 Torr and temperature of about 8 00°C. to about 1200°C. 

42, The method of Claim 1, wherein at least one of tho steps of removing the insulative 

layer is by reactiv e ion etching. 
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4^ The method of Claim 12, wheroin the reactive ion etching comprises exposing the 

insulativc layer to an etch gas in an ionized state, th e e tch gas comprising at least one 
fluorine containing gas. 



44 The method of Claim 1, wher e in the vortical structure is formed adjacent to an 

existing gate or word lin e on the substrat e . 

4$-. The m e thod of Claim 41, wher e in the existing gat e or word lin e is e lectrically 

isolat e d. 

4& A method of forming a raised structure on a substrate, comprising th e st e p of: 

forming an epitaxial layer of monocrystallino silicon on the substrat e ; 
forming a layer of insulativ e material over the e pitaxial lay e r; 
removing a portion of the insulative lay e r to leave only an exposed top surface of th e 
epitaxial lay e r; 

forming another epitaxial lay e r of monocrystalline silicon on th e e pitaxial lay e r; and 
repeating the st e ps of forming the insulativc layer, r e moving a portion of the 
fjj insulativ e layer, and growing an epitaxial layer, until th e v e rtical structure roaches a d e sir e d 

height, with the uppermost e pitaxial lay e r having an insulated top surface. 

4£ A m e thod of forming a vortical structure on a substrat e , comprising forming multipl e 

overlying epitaxial layers having insulated sid e walls and a top surface. 

4& A method of forming a vertical structure on a substrat e , comprising the st e ps of: 

depositing a first epitaxial layer on tho substrate, the first epitaxial layer comprising a 
horizontally oriented surfac e defining a fac e t; 

forming a layer of an insulativ e material ov e r th e first epitaxial lay e r; 
r e moving a portion of th e insulativc layer to expos e th e horizontal surfac e of th e 
epitaxial lay e r; 



m 
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depositing a second epitaxial layer on the expos e d surface of the first e pitaxial lay e r; 
the second epitaxial layer comprising a horizontally orient e d surface defining a fac e t; and 
forming a layer of an insulativ e material ov e r the s e cond epitaxial lay e r. 



3* 

m 



si 
m 

m 



49-. The method of Claim 1 8 , furth e r comprising repeating th e steps of removing a 

portion of the insulative lay e r, growing an e pitaxial layer, and forming th e insulativ e lay e r, 
until th e vertical structure reaches a d e sir e d h e ight. 

5& A method of controlling growth of an e pitaxial film to form a vortical structur e on a 

substrat e , comprising the st e ps of: 

providing a substrat e having an e levat e d structure dispos e d th e r e on, th e e levat e d 
structure having an overlying insulative lay e r; 

forming a first e pitaxial layer of monocrystallin e silicon on th e substrate adjac e nt to 
the el e vat e d structur e ; 

forming an insulativ e layer over the first e pitaxial lay e r; 

removing a horizontal surface of the insulative lay e r to expos e only a top surfac e of 
the first e pitaxial lay e r; 

forming a s e cond epitaxial lay e r of monocrystallin e silicon ov e r the first epitaxial 
layer; and 

repeating th e foregoing stops until the vortical structure is at a desired height. 

$h The method of Claim 50, wherein the substrate has an overlying oxide layer, and th e 

method further comprises prior to the stop of depositing the first epitaxial layer, removing at 
l e ast a portion of the oxid e lay e r to e xpose tho substrat e . 

$2: The method of Claim 50, wh e r e in th e e l e vat e d structur e is dispos e d on an ar e a of 

microcrystallino silicon that is isolat e d within th e substrate by at l e ast on e diel e ctric isolation 
r e gion form e d in the substrat e adjac e nt th e r e to. 
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The method of Claim 52, wherein tho at least ono diel e ctric isolation region is a 

shallow trench isolation region comprising an oxid e , 

$4-. The method of Claim 50, wherein the vertical structure is a transistor gate, 

Tho method of Claim 50, wherein the vertical structur e is a source or drain, and at 

least one of the steps of forming tho epitaxial layers is performed with a sufficiently high 
conductivity doping to effectively dope the source or drain. 

Tho method of Claim 55, wherein the elevated structure adjacent to the source or 

drain is a transistor gate. 

%^ The m e thod of Claim 55, wher e in tho v e rtical structur e is a source or drain having a 

height of about 10 to about 30 nm. 



A method of forming an olovatod structure on a substrate in a semiconductor 

ji processing, comprising tho steps of: 

jy providing a semiconductor substrate comprising monocrystallino silicon; 

S growing a first e pitaxial layer on tho substrate until a horizontally oriented facet is 

fc* form e d; 

forming an insulativ e layer over the first e pitaxial lay e r; 

removing tho insulativc layor to expos e only a horizontal surfac e of the first epitaxial 

lay e r; 

growing a second e pitaxial layer on th e first epitaxial layor until a horizontally 
oriented facet is form e d; and 

rep e ating tho st e ps of forming tho insulativc lay e r, removing a portion of th e 
insulative layor, and growing an opitaxial layor, until tho elevat e d structur e is at a d e sir e d 
h e ight. 
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The m e thod of Claim 58, wherein the horizontally oriontod facot of the first and 

second epitaxial layers has a (100) plane orientation. 

6& A method of forming a raised structure on a silicon substrat e , comprising th e steps 

selectively growing a first e pitaxial layer of monocrystallin e silicon on the s ubstrat e ; 
forming a layer of an insulative material over the first epitaxial layer; and 
s e l e ctiv e ly growing one or more additional epitaxial lay e rs of monocrystallin e 

silicon to form th e rais e d structure to a predetermin e d height, e ach epitaxial lay e r having 

insulated sid e walls and a top surfac e . 

O 64-= A method of fabricating an epitaxial structure on a substrate, comprising the steps of: 

*p forming a first epitaxial layer of monocrystalline silicon on the substrate; 

CP ann e aling the epitaxial layer to form an insulativ e film th e r e ov e r; 

etching th e insulativ e film to e xpose only a horizontal surface of the first e pitaxial 
lay e r; and 

M> repeating th e for e going stops to form additional overlying epitaxial layers until a 

Q 

nj vortical structur e having a d e sired h e ight is reach e d, the vertical structur e comprising 

multiple epitaxial layers having only insulated sidewalls, with an uppermost epitaxial lay e r 
having insulat e d sidewalls and an insulated top surfac e . 

62, The m e thod of Claim 61, wh e r e in the stop of forming th e epitaxial layer comprises 

heating th e substrate and flowing a silicon comprising gas over th e h e at e d substrat e . 

6^ The method of Claim 62, wherein the substrate is heated to about 150°C to about 

64. The method of Claim 62, wherein the gas is flowed ov e r the substrate to provide a 

growth rate of th e epitaxial layer at about 20 to about 10 nm/minut e . 
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The m e thod of Claim 6 4 , wh e r e in th e gas is flowed ov e r tho substrate at a flow rat e 

of about 10 to about 500 cm, and a pressur e of about 1 to about 20 Torr. 



6& The m e thod of Claim 62, wherein tho gas is flowed ov e r tho substrate to provide a 

growth rat e of tho epitaxial lay e r of loss than about 10 nm/minut e to about 0.3 nm/minut e . 

&h Tho method of Claim 66, wher e in the gas is flowed over tho substrate at a pressur e of 

about 0.02 to less than 1 Torr. 

6& The method of Claim 61, wh e r e in th e st e p of annealing is by rapid th e rmal 

nitridation to form a nitride insulativ e lay e r. 

6£ The method of Claim 61, wher e in th e step of annealing is by rapid thermal oxidation 

to form an oxid e insulative lay e r. 

7& Tho method of Claim 61, wherein tho stop of etching tho insulative layer is by 

reactiv e ion e tching. 

The m e thod of Claim 61, wh e r e in each e pitaxial layer has a thickn e ss of about 50 to 

about 200 nm. 

7Qr. A m e thod for forming a DRAM cell on a silicon substrate, comprising th e st e ps of: 

forming a v e rtical gat e structur e on th e substrate by th e steps of: 

forming a first e pitaxial lay e r of monocrystallin e silicon on the substrat e ; 
forming a lay e r of an insulativ e mat e rial over th e first epitaxial lay e r; 
r e moving a portion of th e insulativ e layer to e xpose only a horizontal surfac e of 

tho first epitaxial lay e r; and 
rep e ating the for e going st e ps to form one or mor e additional overlying e pitaxial 
layers until th e gat e structure is of a desir e d h e ight, th e gate structur e 
comprising multipl e ov e rlying epitaxial lay e rs having insulat e d sid e wall s , 
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and an upp e rmost e pitaxial lay e r having an insulat e d sidcwalls and a 
horizontal surface; and 
forming s ourc e and drain r e gions adjac e nt to th e gat e structur e . 

Hz The m e thod of Claim 72, wh e r e in th e source and drain regions are e levat e d. 

74-. The m e thod of Claim 73, wh e r e in th e st e p of forming th e sourc e and drain r e gions 

compris e s th e st e ps of: 

forming whil e doping, a first epitaxial lay e r of monocrystallin e silicon on the 
substrat e adjac e nt to th e gat e structur e ; 

forming a lay e r of an insulativ e mat e rial ov e r th e first e pitaxial lay e r; 

r e moving a portion of the insulativo lay e r to e xpos e only a horizontal surfac e of the 
first e pitaxial lay e r; 

rep e ating th e for e going s t e ps to form on e or mor e additional overlying e pitaxial 
lay e rs until th e sourc e and drain r e gions ar e of a d e sir e d h e ight, the sourc e and drain r e gions 
comprising multipl e ov e rlying epitaxial layers having insulat e d sid e w^alls, and an upp e rmost 
e pitaxial lay e r having insulat e d sid e walls and on insulat e d horizontal surfac e . 

7£ Th e m e thod of Claim 74, wh e r e in the steps of forming the e pitaxial lay e rs compris e 

flowing a silicon comprising gas and a conductivity e nhancing dopant over th e substrat e . 

7& Th e m e thod of Claim 75, wh e r e in th e conductivity e nhancing dopant is flow e d at an 

increasing rat e ov e r tim e to provid e a low to high conc e ntration of th e dopant within th e 
e pitaxial lay e r. 

Th Th e m e thod of Claim 72, wh e r e in the step of forming th e sourc e and drain r e gions 

compris e s th e st e ps of: 

forming a first e pitaxial lay e r of monocrystalline silicon on th e substrate adjac e nt to 
th e gat e structur e ; 

forming a lay e r of an insulativ e mat e rial ov e r th e first e pitaxial lay e r; 
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remo v i ng a portion ei fee tn s tttefo e ) ..) i rpM- ^ u h uiL.. il ™ rfnr , o f t h e 

firs t e pitajtial layer ; 

1 cp.aliagthcf o r, C nin |. le^to f uu u . .mlli ^ a , rl yi n P npi t i x kyaye^^i^he 
semcc m ul Ji a i n r eginn- m of a J u orod h,i C hL, fee up ilm chl hyr h.v k^ated 



depmg fee u ppi. pit m rinl I t, u >. illu. e on rti irt Ht) u d iu u t iuft nn p ni t by i on 

implantation; and 

for ming a layer nf an ii L. ul .ili > r mntp rhl e i u fee u p p mno n e pitaxial I n yer 

7 E. Th e method, ^ i 7? »*"™ m fee uu u w mn l eptea alk yeH r do p rd n iing a 
nuu i im. complic it y gdu sete eted fr n m fee giuup eonsisting tiWy W********* 

79 . A method n f I i ' | _ 1 1 nr fini n stf aefa f8 U U u " 

li om , Ltor gate disposed there o n, fee method c o mprisi ng the oteps nf 



u n die oubotratc adjacent to the transistor g nt e; 

d eputi ng a U y ■■ i nf ,m i nrnla Uvc matcri nl onto th e fast c p i tm rinl I n yer 

re mo v ing u uly the h o r izont al surface of t he insulativo hyer ; 

g ro wing oddhi un ,1 1j mg npi t n uial layers acrnr rtin C t u Hit fun d ing steps until 

the^evated ^ uuice or drain rtn irt uic r e aeho s a d niu . 1 I n W ep itaxial layer h a vin g 
insulated sidowalls;- 

whe re in, u po n g . e mg an Bopermost ep itaxial 1 i yrr n n d de positi ng fe e iirnhtr ve 
teyeHhereon , no r e moval step i performed saeh that thr uppermost epitaxi al hyer 
eomp rises inau ln i t J siee w ans n nrl an msmated h orizo nt al stt rfee e 



nnit nv 



iaHa y oK h a conduct^ e nhanein g dopan t i s ae po s ite^ a^ n ereasm g ra te aver time 
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84, A method of forming an elevated source or drain structure on a substrate having a 

transistor gate form e d thereon, 

selectively growing a first epitaxial layer of monocrystallin e silicon on the substrate 
adjac e nt to th e gat e ; 

depositing a layer of an insulative material onto the first epitaxial lay e r; 

r e moving only the horizontal surface of the insulative lay e r; 

growing additional ov e rlying e pitaxial lay e rs according to the for e going st e ps until 
the elevated source or drain structure roaches a desired height; each epitaxial layer having 
insulat e d sidowalls and an upp e rmost epitaxial layer having an e xposed top surfac e ; 

doping the uppermost e pitaxial lay e r with a conductivity enhancing dopant by ion 
implantation; and 

depositing a layer of an insulative material onto the upp e rmost epitaxial lay e r. 



The method of Claim 81, wherein the uppermost epitaxial layer is doped using a 

fluorin e comprising gas s e l e ct e d from the group consisting of PF ^^F^T-AsF^T^nd-^ 44 ^ 



&^ A method of forming an elevat e d transistor in a somiconductivo waf e r processing 

comprising the st e ps of: 

providing a semiconductor substrat e ; 
forming a buried drain in the substrate; 
forming an e levat e d gat e over the buried drain by the st e ps of: 
forming a first epitaxial lay e r ov e r th e buried drain; 
forming an insulative layer over the first epitaxial layer; 
removing a portion of the insulative lay e r to e xpos e only a horizontal surface 

of th e first epitaxial lay e r; 
forming a second epitaxial layer ov e r the first e pitaxial lay e r; 
forming an insulativ e layer over the s e cond epitaxial layer; and 
repeating th e foregoing st e ps to form additional overlying e pitaxial layers to 
form a pillar like structur e having a d e sir e d height; e ach epitaxial 
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layer having insulated sidcwalls, and th e uppermost epitaxial lay e r 
having an exposed horizontal surface; and 
forming a source region onto the gate by forming at l e ast one epitaxial layer ov e r th e 
uppermost e pitaxial layer, while doping. 

84 The method of Claim 8 3, wherein the step of forming the buried drain comprises 

doping an ar e a of the substrate with an n typo dopant. 

The method of Claim 81, wherein the substrate is doped by ion implantation. 

8& The method of Claim 81, wherein the n typo dopant is selected from the group 

^ consisting of phosphinc, arsin e , and combinations thereof 



The method of Claim 81, wherein the doped area of the substrate is about 50 nm to 

about 100 nm wid e . 

g& The method of Claim 83, wh e rein the stop of forming the source region compris e s 

doping the at l e ast one epitaxial layer with an n type dopant. 

£9, A method of somiconductiv e waf e r processing, comprising forming an e l e vat e d 

transistor by the st e ps of: 

providing a semiconductor substrate; 

forming a buried drain in the substrat e ; 

forming an e l e vated gat e over th e buried drain, the gate comprising multipl e 
overlying epitaxial layers in a vertical ori e ntation with e ach epitaxial layer having insulativ e 
sidcwalls; and 

forming a source region over th e uppermost epitaxial layer of the gat e , the sourc e 
region comprising one or mor e e pitaxial lay e rs, each layer having insulativ e sidcwalls and 
the upp e rmost lay e r having an insulated top surfac e . 
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9& The method of Claim 89, wherein the step of forming the elevated gate compris e s: 

depositing an epitaxial layer abov e the buri e d drain; 

depositing a lay e r of insulative mat e rial ov e r the epitaxial lay e r; 

removing a horizontal surface of th e insulativ e lay e r to e xpose th e e pitaxial layer; 

mm 

repeating the for e going stops until the gat e r e aches a d e sir e d h e ight. 

The m e thod of Claim 8 9, wher e in the step of forming the sourc e r e gion comprises: 

forming an e pitaxial layer onto an exposed horizontal surfac e of an upp e rmost 
e pitaxial lay e r of th e gate, while doping with a conductivity e nhancing dopant. 

92, The method of Claim 91, wher e in the conductivity enhancing dopant is an typ e 

dopant s e lected from the group consisting of phosphine, arsine, and combinations th e r e of. 

93-. The method of Claim 89, wh e r e in the stop of forming th e sourc e r e gion comprises: 

forming an e pitaxial layer ov e r an upp e rmost e pitaxial layer, and doping the epitaxial 
layer of the gat e with a conductivity e nhancing dopant. 

94t The m e thod of Claim 93, wh e rein tho conductivity e nhancing dopant is selected from 

the group consisting of PF^ F^^AsF s, and combinations th e r e of. 

9&-. Tho method of Claim 89, furth e r comprising, prior to th e stop of forming th e 

elevat e d gate, removing an oxide layer from the substrat e ov e rlying th e buried drain. 

9& Tho method of Claim 8 9, wherein tho stop of forming the buriod drain in the 

substrat e compris e s doping an ar e a of th e substrat e with a conductivity e nhancing dopant by 
ion implantation. 

¥k The method of Claim 96, wher e in tho conductivity e nhancing dopant is an n typ e 

dopant s e lected from th e group consisting of phosphino, arsin e , and combinations thereof. 
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9& Tho m e thod of Claim 96, wh e r e in the doped area of the substrat e is about 50 nm to 

about 100 nm wid e . 

9£ Th e m e thod of Claim 8 9, wh e r e in a plurality of e l e vat e d transistors are form e d on 

th e substrate so as to d e fin e an array of transistors. 

±00: — Tho method of Claim 99, further comprising forming shallow trench isolation 
r e gions in th e substrat e to isolate th e transistor. 

101 . A transistor in a semiconductor device, comprising: 

source/drain diffusion regions formed on a semiconductive region of a substrate; and 
a transistor gate formed on the semiconductive region between the source/drain 
diffusion regions, the transistor gate extending in a vertical orientation from the substrate, 
the transistor gate comprising at least two overlying layers of epitaxially grown silicon, each 
epitaxial layer having insulated sidewalls, and an up permost laver having an insulated top | 
surface. 

1 02. The transistor of Claim 101, wherein the source/drain diffusion regions are elevated 
and extend in a vertical orientation from the substrate surface adjacent to the transistor gate. 

103. The transistor of Claim 102, wherein each of the source/drain diffusion regions 
comprise at least two overlying layers of epitaxially grown silicon, each epitaxial layer 
having insulated sidewalls, and an u ppermost laver having an insulated top surface. 

1 04. The transistor of Claim 1 03, wherein the source/drain diffusion regions comprise an 
uppermost epitaxial layer comprising a conductivity enhancing dopant. 

1 05. The transistor of Claim 1 03, wherein each of the epitaxial layers of the source/drain 
diffusion regions comprise a conductivity enhancing dopant. 
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106. The transistor of Claim 101, wherein each epitaxial layer comprises a faceted top 
surface. 



1 07. The transistor of Claim 101, wherein each epitaxial layer has a thickness of about 50 
to about 200 nm. 

108. The transistor of Claim 101, wherein the transistor is isolated within the substrate by 
at least one dielectric isolation region formed in the substrate adjacent thereto. 

109. The method of Claim 108, wherein the at least one dielectric isolation region is a 
shallow trench isolation region comprising an oxide. 

110. A transistor in a semiconductor device, comprising: 

a transistor gate formed on a semiconductive region of ^substrate; and 
elevated source/drain diffusion regions formed on the semiconductive region 

adjacent to the transistor gate, and extending in a vertical plane from the substrate; 

each of the source/drain diffusion regions covered by a layer of insulative material 

and comprising at least two overlying layers of epitaxially grown silicon. 

111. The transistor of Claim 1 1 0, wherein the source/drain diffusion regions comprise an 
uppermost epitaxial layer comprising a conductivity enhancing dopant. 

1 12. The transistor of Claim 1 10, wherein at least one of the epitaxial layers of the 
source/drain diffusion regions comprise a conductivity enhancing dopant. 

113. The transistor of Claim 1 12, wherein at least one of the epitaxial layers comprises a 
concentration gradient of the dopant. 
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114. The transistor of Claim 1 10, wherein the epitaxial layers comprise a faceted top 
surface. 

115. The transistor of Claim 1 1 0, wherein each epitaxial layer has a thickness of about 50 
to about 200 nm. 

1 16. The transistor of Claim 1 10, wherein the transistor gate is covered by a layer of 
insulative material and comprises at least two overlying layers of epitaxially grown silicon. 

117. A transistor in a semiconductor device, comprising: 
a substrate having a buried drain region; 

a gate overlying the buried drain region, the gate comprising multiple, vertically- 
oriented and overlying epitaxial layers and a top surface, each epitaxial layer having 
insulated sidewalls; 

a source region overlying the top surface of the gate, the source region comprising an 
epitaxial layer doped with a conductivity enhancing dopant, and covered by a layer of 
insulative material. 

118. The transistor of Claim 1 1 7, wherein each of the epitaxial layers of the gate is about 
50 to about 200 nm thick. 

119. The transistor of Claim 1 1 7, wherein the epitaxial layer of the source region is at 
least about 10 nm thick. 

120. The transistor of Claim 1 17, wherein the epitaxial layers have a faceted top surface. 

121. The transistor of Claim 1 1 7, wherein the buried drain comprises an n-type 
conductivity enhancing dopant an n-type selected from the group consisting of phosphine, 
arsine, and combinations thereof. 
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1 22. The methed transistor of Claim 1 1 7, wherein the buried drain region is about 50 nm 
to about 100 nm wide. 

123. A transistor in a semiconductor device, comprising: 

a transistor gate disposed on a semiconductive region of a s ubstrate: and 
an elevated so urce/drain di ffusion region dis posed on the sub strate adjacent to the 
transistor gate in a vertical o rientation from the substrate: the source/drain diffusion region 
com prising at least two overlving layers of epitaxia llv grown silicon: each epitaxial laver 
havin g a too surface, and sidewalls with an overlving laver of an insulative material and the 
u ppermost epitaxial laver having a ton surface with an overlying layer of an insulative 
material. 

1 24. The transistor of Claim 1 23 . wherein at least one of the epitaxia l layers of the 
source/drain diffusion re gion compr ises a conductivity enhancing dopant. 

1 25 . The transistor of Claim 1 24. wherein the uppermost epitaxial layer of the 
source/drain diffusion region comprises a cond uctivity enhancing dopant. 

1 26. The transistor of Claim 124- wherein at least one of the epitaxial layers comprises a 
concentration gradient of the dopant. 

1 27. The transistor of Claim 1 24. wherein the conductivity enhancin g dopant comprises a 
p-tv pe dopant. 

1 28. The transistor of Claim 1 24. wherein the conductiv it y enhancin g dopant comprises 

1 29. A semiconductor structure, comprising: 
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com prising at least two overlvin p layers of epitaxiallv grown silicon, each epitaxial 
la yer having insulated sid ewalls. and an uppermost epitaxial laver having an insulated top 
surface: the structure disposed on a substrate in a vertical orientation. 

130. The semiconductor structure of Claim 129. wherein each epitaxi al laver comprises a 
ton surface defining a facet. 

131. The semiconducto r structure o f Claim 1 30, wherein the facet has a (I 00) plane 
orientation. 

1 32. The semiconductor structure of Claim 129. wherein each epitaxial laver has a 
thickness of up to about 200 nm. 

1 33. The semiconductor st ructure of Claim 1 32. wherein each epitaxial laver has a 
thickness of about 50 to about 200 nm. 

1 34. The semiconductor s tructure of Claim 1 32. wherein one or more epitaxial layers has 
a thickness of about 70 to about 100 nm. 

135. The semiconductor structure of Claim 1 32. where in each epitaxial laver has a 
thickness of at least about 10 nm to about 30 nm. 

1 36. The semiconductor structure of Claim 129. being disp osed adjacent to a gate or word 
line. 

137. The semiconductor structure of Claim 1 29. being disposed adja cent to a source/drain 
region. 

138. The semiconduc tor structure of Claim 13 7. being a transistor gate. 
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1 ^9. The semiconductor structure of Claim 1 38. wherein the transistor gate is isolated 
within the suhstrate hv at le ast one dielectric isolation region disnosed in the substrate 
adjacent thereto. 



140. The semiconductor structure of Claim 1 29. being a source/drain diffusion region. 

141 . The sem iconductor structure of Claim 140. wherein the uppermost epitaxial layer 
comprises a conductivity enhanci ng dopant. 

142. The semiconductor structure of Claim 140 . wherein each of the epitaxial layers 
com prises a conductiv ity enhancing dopant. 

1 43 . A semiconductor structure, comprising: 

at least two overl ying layers of epita xiallv grown silicon, e ach epitaxial laver having 
a to p surface, and sidewalls with an overlying layer of an insulative material, an uppermost 
epitaxial layer having a top surface with an overlving laver of an insulative material: and 
the structure disposed on a substrate in a vertical orie ntation. 

1 44. The semiconductor structure of Claim 1 43 . wherein the insulative laver comprises an 
oxide film , a nitride fil m, an oxidized nitride film, or a composite oxide/nitride film. 

145. The semiconductor structure of Claim 144. wherein the insulative laver comprises a 



146. The semiconductor structure of Claim 145. wherein the silico n nitride film has a 
thickness of about 5 to about 20 run. 

147. The semiconductor structure of Claim 144. wherein t he insulative laver comprises a 
silicon oxide film. 
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1 48. The semiconductor structure of Claim 1 47. wherein the silicon oxide film has a 
thickness of about 2 to ahout 5 nm. 



149. A semiconductor structure, comprising: 

at least two over) vine layers of enitaxiallv grown silicon, each epitaxial laver having 
a ton surface- and sidewalls with an overlvine lay er of an insulative material; an upnermost 
enitaxial laver having a top surface with an overlv ing laver of an insulative material: one or 
more of the e n itaxial layers comprising a conductivity enhancing dopant; and the structure 
dis posed on a substrate in a vertic al orientation. 

1 SO. The semiconductor structure of Claim 1 4° wherein the conductivity enhancing 
dopant comprises a p- tvpe dopant. 

151. The s emiconductor structure o f Claims 1 50. wherein the n-tvpe donant is selected 
from the group consisting of dihorane. boron tric hloride, and boron trifluoride. and 
combinations thereof. 

1 52. The semiconduct or structure of Claims 1 49 . wherein the conductivity enhancing 
donant comprises an n-tvne dopant. 

1 53. The semiconductor structure of Claims 1 52. wherein the n-tvoe dopant is selected 
from the gro u p consisting , of phosphine, arsine. and combinations thereof. 

1 54. The semiconductor structure of Claims 1 49. wherein one or more of the epitaxial 
layers comprises a concentration gradient of the do pant within the epitaxial laver. 

1 55. The semiconductor structure of Claims 1 54 T wherei n the concentration gradient 
comprises a low to high concentration of the dopa nt within the epitaxial laver. with the high 
dopant concentration at the top s urface of the layer. 
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